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BACKGROUND OF THE INVENTION 
Field of the Invention 
The present invention relates to a light emitting 
device containing a light emitting element and a process for 
producing such a light emitting device, where the light 
emitting element is constituted by a transparent substrate 
and a stack of GaN-based compound semiconductor layers 
formed on the transparent substrate. 

Description of the R elated Art 
Conventionally, light emitting devices for light 
irradiation are used in various apparatuses (e.g., optical 
reading apparatuses such as facsimile apparatuses and image 
scanners, and fixing devices in color thermal printers) . 
various light emitting devices which use light emitting 
diodes (LEDs) as light sources have been proposed. The LEDs 
are small in size and relatively stable. 

For example, in the fixing devices in color thermal 
printers, ultraviolet light is applied to thermal 
color-forming layers in color thermal recording sheets in 
order to fix recording images thermally recorded in the color 
thermal recording sheets. However, the emission 
efficiencies (optical output /current) of the conventional 
LEDs having emission wavelengths suitable for fixing thermal 
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coXor-formin, layers for yellow and magenta are low, and 
energy conversion efficiencies ( o P ticai output/input power, 
are also low. Therefore, the intensities of Urination are 
too small. 

In order to obtain sufficient intensity of 
Rumination, increase in pacKa.in, density of LEDs is 
considered. However, when the pacxagin, density is high, rt 
is difficult to sufficiently dissipate heat generated by the 
LEDs . Therefore, the element temperature rises, and the 
emission efficiency drops. Thus, the challenge is to 

in crease the utilization efficiency of U,ht emitted fro. 

each LED. 

mcidentally, in some LEDs, a light emitting element 
constituted by a transparent substrate and a stacH of 
G aN-based compound semiconductor layers formed on the 
transparent substrate is mounted on a lead frame or a printed 
cir cuit board so that the transparent substrate is located 
on the opposite side to the lead frame or printed circuit. 
In such LEDs , light emitted from a light-emission surface 
o£ the stacx of Ga«-based compound semiconductor layers and 
i. incident on a light-exit surface (upper surface, of the 
tra „sparent substrate at an angle greater than a critical 
angle is totally reflected at the light-exit surface, and 
erected to a side surface of the transparent substrate, when 
6 the light tetany reflected at the light-exit surface is 
incident on the side surface of the transparent substrate 
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.t an angle greater than the critic.1 angle, Utf* i- 

at «. side sur.ace o £ the transparent 

e ,irface is absorbed by the 
returned to the light-exit surface 

A is therefore not effectively used, 
light-exit surface, and is theret 

• efficiency of the emitted light 
Thus, the utilization efficiency 

decreases. 

In order to solve the above problem, Japanese 

• ed Patent Publication No. 6 (1994) -244458 discloses 
Unexamined Patent 

an LED in which a side surface of the Hg 

. curface of the transparent 
is cut at a bevel from the upper surface 

th at the side surface ma.es an acute angle with 
substrate so that the lignt -exit 

.nrface and light reflected at the ixg 
the upper surtace, auu ^ 

gieatsr than the critical an,,. Xn this case, a great 

* „f the light emitting device and 
amount of light can go out of the lig 

ffiripncv of enussionlignt 
•t or1 ie the utilization efficiency o 
utilized, i.e., 

canb ;:r;:i: - — — • — : 

D at the aoute angle, the upper surface area of the = re 

— - -~ - the u :r" P o::r .« - 

o£ the light emission region, and the upper 

directions. Therefore, 
LED overhangs in horizontal direct 

* fh. LED in the horizontal directions is 
downsizing of the LED 

t narticular, when a plurality of LEDs 
25 difficult, in particula 

h in an array on a circuit board or the like, 
arranged in an arxay 
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difficult to conserve space. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a li,ht 
emitting device which can enhance the utilisation 

th e size in horizontal directions thereof. 

( 1> According to the first aspect of the present 
invention, there is provided a light emitting device 

■sine- a light emitting element which includes a 
comprising, a iJ-y* 

a - ,t a ck of GaN-based compound 
transparent substrate and a stack 

^ fircit- surface or tne 
semiconductor layers formed on a first 

*a frame or a printed circuit 
transparent substrate; and a lead frame or 

„ hioh the light emitting element is mounted so that 
board on which the ng c ^ rk 
- h.trate is located on the side of the stack 
the transparent substrate 

j ^-i-^-r levers opposite to tne 
of GaN-based compound semiconductor layers 

the Printed circuit board; wherein a second 
lead frame or the printea 

surface of the transparent substrate opposite to the first 
sur f ace contains a portion inclined with respect to the first 
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according to the second aspect of the present invention 
there is pro vided a light emitting device comprising: a light 
emitting element which includes a transparent substra e and 
. stac, of OaN-based compound semiconductor layers forme 
on a first surface of the transparent substrate,- an optical 

o£ th e transparent substrate opposite to the first surface, 
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, ... a light-exit surface) beino located 

and has a :::: : J — — - 

^ an ° PP p o ion inclined with aspect to the first 
containing a portio or 

«, of the transparent substrate; and a lead 
surface of the t emitt ing element 

• ,* d circuit board on which the lign 

a printed circu is loC ated on 

the transparent substrate is 

^ m 1 Z of -based semiconductor 

Xayers opposite to the 

.f second surrace 

The above portion of the 

•„ the first aspect of the present 
transparent substrate rn the 

• » nd the above-mentioned surface of the op 
in ventron and inventlon are 

membe r in the second a 

£rom 

later, so as to enable efficient output 

r£ace of the start of —based compound 
the uppe r surf ce ^ ^ transparent 

semicon ductor - GaN . based compound semiconductor 
substrate and the stacK 

h-rh is called a light-emission surface, 
layers) , which is included 

oh bv production errors are nor 
inclinations caused by pro 

• scope of the present invention. 

•0 in the scope o example, 
Tne transparent substrates may be made o 

sapphire or SiC. may be 

T ne GaN-based compound semiconductor lay 

, raN InGaN, GaAlN , InAlGaN , and the 
made of, for example, GaN, InGa 

25 Uke ' ,. „ the second surface) of 

Wh ile the upper surface (i.e., the 
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, substrate contains a portion inclined with 
the transparent substrate o 

qnrface of the stack of GaN-based 
respect to the upper surface or 

i- t-he first surface or 

compound semiconductor layers (i.e.. 

the transient sn b strate, in tne I*" — "™ 
acMrto , - t h e «ir.t aspect of t h e invents, tfce 

opti cal memfcer „MO -a a surface contain, a 

por tion inclined as mentioned a b o.e is arran g ed in eontae 
„ ith t h e u PP er s^ce <!...,«,. second surface, .« » 

to th e second aspect of t h e present invention, instead 
pr ovidin g a transparent sufstrate w.ic* .as an n PP er 
contain^ a portion inciined as mentioned a.ove . rnat rs . 
. construction e q uivalent to tne ii^t emittin, devroe 
a ccordrn g to tne first aspect of tne present invention can 
be realized b y providing tne a b ove optical element 
separately from an exists li.nt emitting element and 

light emitting element. 

The optical element may be made of. for example, 

^ liVp A typical example of the 
, optical glass, resin, or the like. A typ 

, n t-hP refractive index 

• ■cnidstic It is preferable that the rerra 
resin xs plastic - r ^ 

^ refractive index or 
of the optical element approxrmates the refract 

th e transparent substrate. 

•Mp that the optical element has a functxon 
It is possible that tne up 

, 6 o£ a seairn, pacxa g e, „nic h is an element for hermetically, 
' seali n g tne 11*.. emittin, element and protects tne lr 9 nt 
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emitting element the externa! environment. 

» eac. of the light emitting devices according to 
(ir ,t and second aspects of the present invention, the 
Inclined portion may contain one or .ore conicai surfaces 
one or .ore pyramidal surfaces, one or .ore hemispherical 
surfaces, one or .ore paraboloidal surfaces, or any 

combination thereof. 

(2) according to the third aspect of the present 

► • on there is provided a process for producing a light 
invention, tnere ±* f 

e.ittin, device, uprising the steps of: «., 
re sist to a first surface of a transparent substrate iocated 
opp0 site to a stack of CaK-based co.pound semiconductor 
laye rs, where the stack of abased co.pound se.iconductor 

„ „„ a second surface of the transparent 
layers is formed on a secono 

to the first surface, and the stack of 
substrate opposite to the 

1 avers and the transparent 
GaN-based co.pound se.iconductor layers 

substrate constitute a light emitting element, ,« shaping 
the first surface of the transparent substrate by graysca 

t substrate contains a portion inclined with 
\ transparent substrain 

aspect to the second surface of the transparent substrate 
(i e , the upper surface of the stack of Ga N -based co.pound 

= i ■ and (O mounting the light emitting 
semiconductor layers), and (O . 

so that the transparent substrate is located on a side 
th e stack of GaK-based co.pound semiconductor layers 
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opposite to the one o £ the lead frame and the printed circuit 



board 
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in the grayscale exposure, a negative (filter, in which 
. desired shape having at least one reoession and/or at least 
one protrusion is represented by graysoale information is 
pl aced on an applied resist, and laser light or the liKe is 
applied to the resist through the negative so that the resist 
recei ves amounts of exposure oorresponding to the graysoale 
formation. Thereafter, the exposed resist is developed so 

«= r-h^ resist according to the amounts 
as to remove portions of the resist ac 

of exposure. 

Th e dry etohing is etohing in whioh no liquid is used. 
F or example, the dry etohing inoludes reaotive ion etohing, 
re aotive ion-beam etohing, sandblaster prooessing, powder 
blaster processing, and the like. 

T „us. the step <b, in the process according to the third 

■ ^ i 7Pd bv the substeps 

aspect of the present invention is realized by 

of: ,bl, applying a resist on the first surface (upper 

surface, of the transparent substrate,- «b2, shaping the 

r esist by grayscale exposure so that the upper surface of 

= rf„„i red shape containing a portion 
the exposed resist has a desired snap 

inclined with respect to the second surface of the 

transparent substrate; and ,b3, performing dry etching of 

tn e resist shaped in the substep ,b2, and the transparent 

substrate under the shaped resist, so that the first surface 

of the transparent substrate finally has the same shape as 
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th e upper surface of the exposed resist .i.e., the upper 
surface of the transparent substrate fin.ll, has t h e desire, 
sh ape containing a portion inclined with respect to the 
second surface of the transparent substrate, . 

In addition, the above process according to the thrrd 
a3P ect of the present invention can be modified for use in 
shaping the light-exit surface of the optica! ele.ent in the 
second aspect of the present invention so that the light-exrt 
sur£ ace of the optical element contains the portion inclined 
wi th respect to the second surface of the transparent 
substrate .i.e., the upper surface of the stacK of abased 
compound semiconductor layers) . 

,„ The present invention has the following advantages . 
,., in the light emitting device according to the first 
aspect of the present invention, the upper surface of the 
transparent substrate constituting the light emitting 
d evice has a shape containing a portion inciined with respect 
to the upper surface of the stacx of GaK-based compound 
semiconductor layers. Therefore, light emitted from the 
stacx of GaX-based compound semiconductor layers and 
t efieoted at the upper surface and side surfaces of the 
tr ansparent substrate can efficiently go out of the light 
emitting element, in addition, since the transparent 
substrate has no horizontal overhang over the upper surface 
o£ the stacx of GaH-based compound semiconductor iayers, rt 
is possible to increase the utilization efficiency of light 
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emitted fro, the stac* of GaK-based compound semiconductor 
lay ezs, and reduce the size of the light emitting device in 
the horizontal directions thereof. For example, when a 
plurality of LEDs are arranged in an array on a circuit hoard, 

fv, Q hnri7ontal directions, 
it is possible to conserve space in the horxzonta 

(b) m the light emitting device according to the 
second aspect of the present invention, the optical 
„ h ieh has a light-exit surface containing a portion inclmed 

.c 4_v^^ C i-3rk of GaN-basea 
with respect to the upper surface of the stack 

compound semiconductor layers is arranged in 

the upper surface of the transparent substrate. Therefore, 

, * ,hP stack of GaN-based compound 
light emitted from the stacK or 

semiconductor layers and reflected at the light-exit surface 
o£ the optical element and the side surfaces of the optrcal 
element and/or the transparent substrate can efficiently go 
out of the light emitting element. In addition, since the 
optical element and the transparent substrate have no 
ho rizontal overhang over the upper surface of the stacx of 
G a N -based compound semiconductor layers, it is possible to 
increase the utilization efficiency of light emitted from 
the stacx of GaH-based compound semiconductor layers, and 
reduce the size of the light emitting device in the horizontal 

f For example, when a plurality of LEDs 
directions thereof. For exampi 

^ -n ,n array on a circuit board, it is possible 
are arranged in an array on 

* in the horizontal directions, as m the 
5 to conserve space in the nor 

^ rs-F the present invention, 
first aspect oi tne f iCS 
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,e, «hen the optical element in the second aspect of 
the present invention has a function of a sealing parage 
£or (herme tically> seaiing the light emitting element, xt 
is possible to prevent degradation and coloring of a sealant 
caused by heat generation in the light emitting element and 
Radiation with light having relatively short wavelengths 
emitted fro. the stacK of GaN-based compound semiconductor 
lay ers. although such degradation occurs when the sealants 
are used in the conventional light emitting devices. 
The refore, when the above optical element has the function 

the light transmittance does not 
of a sealing package, the iign 

de crease, and therefore the decrease in the emission 
effi ciency in the light emitting element can he prevented. 

td) »hen the process for producing a light emitting 
de vice according to the third aspect of the present invention 
is used, the light emitting device according to the first 
aspect of the present invention can he easily produced 
through the aforementioned steps (a) to (c) . 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS . 1A and IB are diagrams for explaining the 
critical angle and reflection of light. 

PIG . 2 is a schematic cr oss-sectional view of a typical 
light emitting device having a cubic shape. 

PIGS. 3A and 3B are schematic cross-sectional views 

■ a first embodiment of the 

25 of a light emitting device as a 

present invention. 
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.c liaht emitting 

FIG. 4 is a perspective vxew of the Ixg 

to a first embodiment of the present 
device according to a n" 1 - 

invention. 

„ S 8. 5 , and 5B are schematic cross-sectional vrews 
of an s M , le of a sapphire substrate having a conically 

recessed upper surface. 

„«. 6, and 6B are perspective views o £ examples of 
sapphire substrates each having an upper surface which 
contains a quadrangular pyramidal surface. 

P1G8 . 7A and 7B are perspective views of examples of 
sapphire substrates each having an upper surface which 
contains a conical surface. 

„«. 8A and SB are perspective views of examples of 
sapphire suhstrates each having an upper surface which 
contains a hemispherical surface. 

FIG S. 9A and 9B are perspective views of examples of 
sapphire suhstrates each having an upper surface which 
contains a paraboloidal surface. 

„«. 10A and 10B are perspective views of examples 
o£ sapphire suhstrates each having an upper surface which 
contains one or more planes inclined with respect to an upper 

a stack of semiconductor layers, 
surface of a stac* 

PIG . 11 is a perspective view of a light emitting devrce 
according to a second embodiment of the present invention. 

FIGS . «» to 12F are perspective views of optical 
elements each having an upper surface containing a portion 
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.„t to an upper surface of a stack of 
inclined with respect to an PP 

semiconductor layers . construc tion in which 

FIG. 13 is a perspective view of a const 

. plurality of light emittin, devices are arran.ed x» an . 
a plurality u * actional views 

FIGS .14A and 14B are schematic cross secti 

, • M in each of which an optical element 
of light emitting devices in eacti 

, • nar v aae for hermetically 
* „,tinn of a sealing package 
having a function or a cover 
sea lin g a ll 9 ht emitting element is .ended so as 

. light emittin, element vie „s 

FIGS - 15Ran in each of which a resin structure 

° £li9htemitt ;rflll s old around an optrcal element. 
— —,ow chart rndicatin, steps .th 

produ ction process accordin, to the third aspect 

present invention. 

OBSCRIPTIO, OF PREFERRED EMBODIMENTS 

* the present invention are explained in 
Embodiments of the present 

4-o rhe attached drawings. 
• m rofprence to tne a Ll - au 
detail below with referenc 

First Emb^ djjnent 

«f the first embodiment of the 
Before the explanation of the fi 

,. on the critical angle and reflection of 
present invention, the 

light will be explained. 

. ^ nns 1A and IB, 

cri tical an g le and ref lection ofl.ht. - ^ 

25 it is assumed that a piece of sapphr re 9 ~ ^ 

o-v, ,ir 1 The optical refractive 
a space filled with air 1 . 
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, ■ n, (i e Nl=l), and the optical refractive 
of the air 1 is one (i.e., 

indexH2 of the sapphire glass 2 is 1 . ™B 

Rt a boundary surface between mediums having different 

= „itical angle R is determined 
optical refractive indexes, a critical ang 

, b ased on the refractive indexes. «hen light L is incident 
on the boundary surface at an incident angle not greater than 
the critical angle R, tne light L passes throng, the boundary 
aarface as illustrated in HO. 1,. When light L is incident 
on the boundary surface at an incident angle greater than 
l0 the critical angle R, the light 1 is totally reflected at 
the b oundary surface as illustrated in FIG . IB. It is -own 
th at the critical angle.R for total reflection of the light 
in cident fro, the sapphire glass 2 on the boundary surface 
oetween the sapphire glass 2 and the air 1 is 35 degrees (i.e., 
15 R=35° ) . 

PIG , 2 is a sciatic view of a typical light emitting 
d evice having a cubic shape. The light emitting device 
■ castrated in FIG. 2 comprises a light emitting element and 
an electrode 13, where the light emitting element is 

t .,„,. 11 (as a transparent 
20 constituted by a sapphire substrate 

substrate, and a stacx of GaN-based compound semiconductor 
lay ers 12. When a predetermined amount of current flows 
trough the electrode 13 and the stac* of abased compound 

Hoht 11 is emitted from the upper 
semiconductor layers 12, light Ll 

25 surface of the stacx of Oa N -based compound semiconductor 
layers 12. The total reflection also occurs within the light 



14 



10 



15 



incident on the upper surface c £ the sapphire « » 
at a „ incident angle not neater than the critical angle K, 
the light Li passes through the upper sur £ aoe of the sapphrre 

i. ,i„m il is incident on the upper 
substrate 11. when the light LI rs 

sur face of the sapphire substrate 11 at an incident angle 
gte ater than the critical angle K, the light H is tot. 1, 

eiirfare 0 f the sapphire substrate 11. 
reflected at the upper surface ot 

^,^ a iiv reflected at the upper 
The major portion of the Ixght totally 

ii n q further reflected 
surface of the sapphire substrate 11 is 

. ■ h- surfaces, and returned to the start of GaN-based 
at the side surraces, auu 

compound semiconductor layers 12. which is the emission 
region. Since the emission region has a property of absorbrng 

lonnth as the emitted light, the 
light having the same wavelength as tn 

. n.d to the emission region is absorbed by 
above light returned to the emi 

4- thp liaht emitting 
the emission region, and cannot go out of the lig 

device of FIG. 2. 

FIG S. 3A and 3B are schematic cross-sectional views 
o£ a light emitting device as the first embodiment of the 
, first aspect of the present invention, and FIG. 

perspective view of the light emitting device. In the light 
emitting device 10 illustrated in FIGS . 3, and 3B. the upper 
sur face of the sapphire substrate 11-1 contains a portion 
whi ch is inclined with respect to the upper surface of the 
„ start of Ga»-based compound semiconductor layers 12 . In the 
£irst embodiment, the upper surface of the sapphire 
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aHranaular pyramidal concave surface . 
substrate 11-1 is a quadrangular py 

nd3B a lead frame or a printed circuit board 
In FIGS. 3A and 3B, a xectia 

is not shown. . 

£rom the stac* of abased compound — tM layers 
12 is incident on the upper surface o £ the sapphire substrate 
at an i-e, angle exceeding the critical angle K, 
t he light LI i. -fleeted a, the upper of the sapphrre 

1. «~ — onasidesur£ ; d : 

„ , t . n-l When the light LI reflected at 
the sapphire substrate 111. 

the upper surface cf the sapphrre substrate 

on the siae surface at an Indent angle exceeds the 

, R the light LI is reflected again at the srde 

illust rated in „G. 

surface cf the sapphrre substrate 

». and is again incident en the upper surface of the sapphrre 
substrate 11-1- 

„f eh? upper surface of tne 
Due to the inclinations of the u PP 

sapphire substrate 11-1, the probability that the incident 
ang le at flight is incident on the upper surface of 

, sapphire substrate 11-1 is not greater than the crrtrca 
angle R is high. T hat is, the probability that ^ 

passes through the upper surface of the sapphrre substrate 
by the indinations of the upper surface of the sapphrre 



25 

substrate 11-1 
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on the other hand, when Xi g ht » e.itted ,o, the stacK 
o£ abased compound semiconductor Xavers X2 is incident 
on the S ide surface of the sapphrre substrate XX X at an 

• j 0 o 1ir face of the sapphire 
light LI passes through the srde surface 

f nf the light emitting device as 
substrate 11-1 and goes out of the lig 

illustrated in FIG. 3B. 

Rs chained above, when the upper surface o £ 
sapP hire substrate XX-X has a shape contains a portion 

abased compound se m iconductor Xsyers ». the 
em itted £ » the stac* of phased compound se— 
laye rsX 2 coefficients out. Xn addition, srnoe the X ig ht 
em ittin, device has no hori.ontaX overhan,, space ca he 
conserved whiXe enhance the utiiiration em™ 

emitted light LI. 

Fur ther, when refXection piates 2 0 incirned wxth 
aspect to the side surfaces of the sapphire substra te XX-X 
are arranged as iXXustrated in PXG. 3B. it is possrbXe to 
, t ef Xect to a desired direction the Xi 9 ht which passes thron.h 
the side surfaces of the sapphire substrate XX-X. 

A rel ationship between the inciination and the her.ht 
o£ the upper surface of the sapphire substrate wrXX be 
explained below. 

i rm^s-sectional view of an 
, 5 FIG. 5A is a vertical cross seer 

v^r-ate H-2 having a conically 
^-r _ csnDhire substrate j-j- 
example of a sappnuc 
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cinr.a the cross section of the 
recessed upper surface. Since the 

sapP hire substrete 11-3 i. bilaterally sy-etrical. only a 
ca se where light is incident on a portion of the comcelly 
recessed upper surface indicated as the ief t haif of 
section of the conical recessed upper surface in « ; » 
is Uiustrated. Xn , M . *, the angle E is twice the critical 
angle r (B - 2W . and bisected by an incident nor.al to the 
conically recessed upper surface, in addition, the angle A 
is defined as an angle for.ed with the conical tecesse 
upp er surface and the line which is inclined fro, the incident 

norm al toward the conicelly recessed upper ^ ^ 
critical angle Rl i.e..—- R „ the an^B is define 

an angle for m ed with the conicallv -eased upper surface 
and the Side surface of the sapphire substrate ll- 2 . and th 

o£ the sapphire substrate 11. and the line which is incline 
f tom the incident normal toward the conically recessed u PP er 
surface by the critical angle R. 

Mh en the light ,1 e m itted fro, the stac, of CaK-based 
compound semiconductor layers 1. is incident on the 
conically recessed upper surface at an incident angle with 

i^-p m e when the incident 
~ riorprmined by the angle E (i.e., 
the range determines 

angl e is not greater than the critical angle R, , the light 
L1 P asses through the conically recessed upper surface and 
5 goe s out of the light emitting deuice. On the other hand 
uh en the light „ emitted fro, the stac* of abased compound 
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semiconductor layers 12 is incident on the conrcaUy 
recesssd npper surface at an incident angle out of the range 
d etermined by the angie E, the light 11 is totally elected 
at t he conicaily recessed upper surface, and directed to t h e 
sid e surface of tne sapphire substrate 11-2. « this time, 
„ h en the angie* is e q ual to tne angle V . tne light 11 
dir ected to the side surface of tne sapphire substrate 11-2 
is indent on tne side surface at an incident angle not 
gr eater than tne critical angle K. and therefore passes 

* ~> <i e goes out of the light emitting 
through the side surface (i.e., goe 

d evice, . Thus, it is preferable to determine the angle B so 

In addition, it is also preferable that tne sappnire 
su bstrate 11-2 .as sue, a height t h at tne point O illustrated 
in FIG . 5B is contained in tne sappnire substrate 11-2, -ere 
. une which contains tne vertex C of tne conicaily recessed 
upp er surface and is parallel to tne aforementioned Irne 
in ciine d fro, the incident norma! toward th. conicaily 

„ ~r surface by the critical angle R meets the side 
recessed upper surlace oy 

ti i at- the point D. in 
surface of the sapphire substrate 11-2 at 

,1 of the light LI reflected at the conically 
this case, all of the ng 

recessed upper surface and directed to the side surface 
th e sapphrre substrate il-2 can pass through the side surface 
and go out of the light emitting device. 

The upp er surface of the sapphire substrate in the 
£it st embodiment may have various shapes. The following are 
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jt imner surface of the 
examples of the possible shapes of the u PP e 

sapphire substrate: 

(l) Shapes containing guadrangular pyramidal concave 
or convex surfaces as illustrated by reference numbers 11a 
and lib in FIGS. 6A and 6B, respectively. 

,2, Shapes containing conical concave or convex 
surfaces as illustrated by reference numbers 11c and lid rn 
FIGS. 7* and IB, respectively. 

,3, Shapes containing hemispherical concave or convex 
surfaces as illustrated by reference numbers lie and Uf x„ 
FIGS. 8R and 8B, respectively. 

(4) Shapes containing paraboloidal concave or convex 
surfaces as il lustr ated by reference numbers 11, and lib in 
FIGS. 9A and 9B, respectively. 

,5, Shapes each containing one or more planes inclined 
with respect to the stacx of GaN-based compound 

■ h cor levers 12 as illustrated by reference numbers 
semiconductor layers 

Hi and 11: in FIGS . 10A and 10B. respectively. 

S°^nH F.mbodiment 

4. n * fhp cresent invention will 
The second embodiment of the presen 

be explained below. 

4..„ n^rqDective view of a light 
FIG 11 is a schematic perspective 

emitting device as the second embodiment of the second aspect 

25 of the present invention. 

In the light emitting device 10 according to the f xr.t 
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emhodiment mutated in FIGS. 3* and 3B, the upper surface 
o£ the sapphire 11-1 per se has a shape contain, 

. portion inclined with respect to the upper surface o £ the 
stack o£ GaN -hased compound semiconductor layers 12. On the 
oth er hand, in the light emitting device 30 as the second 
emhodlment illustrated in FK, 11. an optical element 1 rs 
arranged in contact with the upper surface of the sapphrr 
suhstrate 11-3, and the upper surface (light-exit surface, 
o£ the optical element 14 has a guadrangular pyramidal 
ooncave shape as the aforementioned shape containing a 
su rface inclined with respect to the upper surface of the 
st ac* of SaN-hased compound semiconductor layers 12. The 
opti cal element !4 may he made of glass, plastic, or the lr,e 
„ hi ch is easy to process. However, it is preferahle that the 
serial of the optical element 14 has a refractive rndex 
th at approximates the refractive index of the sapphrre 
s uhstrate 11-3. Srnce the light emitting device 30 has 

the light emitting device 30 has a 
above construction, the ngn*. 

, „ae as the light emitting device 10 as the first 
similar advantage as tne ny 

GaN -hased compound semiconductor layers 12 can effrcrently 

on m sHdition, since 
go out of the light emitting devxce 30. In 

th e light emitting devrce 30 has no horizontal overhang, 
sp ace can he conserved while enhancing the utilisation 
5 e££i oiency of the emitted light 11. Further, since the 

optical element 14 can he made of glass, plastic, or the lr*e 
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- nrocess it is unnecessary to process the 
which is easy to process, . 

h,trate per se, which is relatively hard and 
sapphire substrate per s><=, 

= r,H therefore the production 
difficult to process, and theretor 

efficiency can be increased. 

Th e upper surface (light-a.it surface) of the optical 
element 14 -y - various shapes. The following are 
examples of the possible shapes of the upper surface of the 
opti cal element 1,, although the shape of the upper surface 

10 examples. 

(1) shapes containing a quadrangular pyramidal surface 

.j hv reference number 14a in FIG. 12A. 
as illustrated by rererem- 

(2) Shapes containing a conical pyramidal -face as 
illustrated by reference number 14b in FIG. 12B. 

,3, Shapes containing a hemispherical surface as 
illustrated by reference number 14c in FIG . 12C. 

,4) Shapes containing a paraboloidal surface as 
illustrated by reference number 14d in FIG. 12D. 

= „i„ralitv of quadrangular 
(5) Shapes containing a plurality o 

fanos as illustrated by reference 
20 pyramidal concave surfaces as 

number 14e in FIG. 12E. 

(6) Shapes containing concave and convex quadrangular 

. rtal surfaces as illustrated by reference number 14f 
pyramidal suriaces 

in FIG. 12F. 

There is a preferable relationship between the 
inclination of the upper surface ,light-exit surface, of the 
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optical element 14 and the height of the optical element 14, 
which is Similar to the preferable relationship between the 
inclination of the upper surface and the height of the 
sapphire substrate 11-2 in the first embodiment. 

In addition, it is possible to arrange the optical 
element 14 so as to have a function of a sealing package which 
hermetically seals the light emitting element. 

The light emitting element is hermetically sealed and 
protected from the external environment in order to secure 
the reliability of the light emitting element in a light 
emitting device and the like against the external 
environment. However, the epoxy sealants widely used for 
sealing are degraded and colored by heat generation in the 
Ught emitting element. Therefore, the light transmittance 
oecreases, and the emission efficiency is lowered, for 
example, as indicated in -Introduction to Nitride 
Semiconductor Blue Laser and Light Emitting Diodes," edited 
by Shuji Naxamura and Shigefusa Chichibu, pp. 289-292. In 
particular, in LED' s which emit light having short 
wavelengths of 360 to 400 nm and are used for M (magenta, 
fixture of an image thermally recorded in a thermal 
color-forming layer in each color thermal recording sheet, 
the light having the short wavelengths is absorbed by the 
epoxy sealant, and accelerates the degradation of the epoxy 
sealant as well as the heat generated in the light emitting 
element . 



The leering of the emission efficiency due to the 
degradation of the sealant can be prevented by the following 
measures . 

(1) The entire light emitting element is covered 

5 with the optical element 14. 

(2) The optical element 14 is bonded so that epoxy 
does not exist in regions through which the emitted light 
passes, or the thickness of an adhesive layer (including a 
portion through which the emitted light passes) in contact 

10 with the light emitting element is minimized. 

Examples of the above measures which are taken at the 
time of flip-chip mounting are shown in FIGS. 14A and 14B. 
FIG. 14A is a schematic cross-sectional view of a light 
emitting device in which an optical element is bonded with 
an adhesive so that the optical element serves as a sealing 
package, and FIG . 14B is a schematic cross-sectional view 
of a light emitting device in which the gap between the chip 
and the optical element is filled with an adhesive. 

The light emitting devices illustrated in FIGS. 14A 
and 14B each have a construction in which a light emitting 
element is mounted on a substrate (the substrate may be a 
portion of a printed circuit board) , and an optical element 
15a is arranged in contact with the upper surface of the 
substrate so that the optical element covers and 
25 hermetically seals the light emitting element. In the 

substrate, an insulation layer 22 is formed on aluminum 23, 
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and a conductive pattern containing a positive 

-i f i4 n - 21b is formed on 
21. and a negative-power-supply lin. 

• "..ver 22 in addition, a portion of the 
the insulation layer 22. 

su bstrate around an area cn which t h e light emitting element 

Ught emitting extent inc.u.es the sapphire — »" 
and a stac* o £ Gatt-based compound semiconductor layers 
formed on the sapphire substrate 11-4. 

wh en the light emitting element is counted on 
strata, a positive electrode 13a and a native electrode 
13b are respectively bonded to the positive-power-supply 
lin . 2 la and the negative-power-supply line 21b with a 

. ci The optical element 15a, which is 
conductive adhesive 51. The opti 

elene,, rs arranged to cover the light emitting eleven 

in contact with the upper surface of the sapphire sub trate 
1X _,.X. addition, the hotter edge o £ the optica! eleme 
15 a rs bonded to the subsrtate with a sealing adhesive 2 
so that the light emitting element is hermetically sealed 

hs mentioned before, the sealants in the conventual 
ligh t emitting devices are degraded hv heat generated by the 
ligh t emitting element or transmission o £ light being 

* f „e stack of GaN-based compound semiconductor 
emitted from the stacK or « 

,, tive lv short wavelengths. However, 
5 layers and having relatively sn rf14Ba re 

^ FTGS 14A and 14B are 
since the light emitting devices of FIGS. 



25 



10 



15 



20 



£o rmed as a b o„e, the »** — - *" "* d 
even -hen the sealant in each o £ the emittm, 
o£ , IBS . !« and 14B is deeded ana colored as the sealants 
in the conventional li,ht emittin, devices. Thus, it x. 
po ssi*le to P^, the — in, or emission erriciency 
In addition, it is Possi-e to fiU the space around 

. th , r esin 53 such as acrylic, 
the optical element 15a wrth a 

v>ia , th e exposed surface of the 
silicon, or epoxy resin so that the P 

■m .frated in FIGS. 15A and 15B. In 
resin 53 is curved as illustrated 

' , . . „ ht ref lected inward is decreased 

this case, the amount of light reflect 

a nd the efficiency in light output 
by the curved surface, and the et 

• HPvice can be further increased, 
from the light emitting device 

* alass and spreads, the optical 
After light passes through glass 

Therefore, it is possible to 
power density decreases. Thereto 

^ resin when the resin has a 
suppress degradation of the resin 

Jperty o £ hein, deeded in Potion to optical P o„er 

density. .^.^ vp 

^ of » silicon-based adhesive 
Q r-ooin 53 is made of a sm^ 
When the resin 

, Tlh 4 ph is available from 
or the XLV-series acrylic adhesrve (whrch 

Kyori tsu Chemical & Co., Ltd.)/ the duality a g arn 

ult raviolet <«V, li.ht is increased, and thererore 

gradation or the resin can he greatly suppressed. 

F urther, since the erticiency in li,ht output rrom the 

ligh t emittin, device accordin, to the rrrst and second 

. emhodiments is rncreased without providin, a hereon 

ov erhan g . it is possihle to conserve space in horr.ontal 
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Sections . Furthermore, in a case where a plurality of Ugh 
emitting devices are arranged in an array on a printed circuit 
boar d, the aK an 9 «n t s in the first and second embodiments 
ar e perticulerly effective, an example of such a oase rs 

.oiiw of liaht emitting 
; illustrated in FIG. 13, where a plurality lx* 

devices ic- each o £ which is identical to the light emitting 

dev ice 10 as tne first embedment are arrange, in an array 
0n a P rinte d ciro U it b oar d ,0,a„ d a P laralit y o £ re £ lectron 

p l a tes ... are arrange, at the positions correspond 
10 the plurality of light cutting d evices 10- on the prrnted 
circuit board 40. 

Produ^ti^n_Process. 
a process for proving the light emitting device 

4= <-Vio nrpsent invention 
according to the first embodiment of the prese 

15 is explained below. 

FIG 1 6 is a flew chart indicating production steps 
in th . reduction process according to the third aspect of 

the present invention. 

Fir st. a sapphire substrate is ^processed in step 
20 si . T hen, in step «. a buffer layer made of aluminum n it ride 

h of n-tvpe Si-doped gallium nitride (GaN) , 
(A1N) , a layer made of n-type t>i v 

and a multiple-guantum-well layer are formed by metal 
orga „ic chemical vapor deposition ,M0CV D , . where the 

on laver is realized by repeatedly 
multiple-quantum-well layer 

«n harrier sublayer doped with 
25 forming a GaN quantum-well barrier 

n„ of Si and Mg and a light emission sublayer 
appropriate amounts of Si ana y 
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« Thnq the semiconductor 
a roTvt laver is grown. Tnus, ui« 
p-type Mg-doped GaN layer y 

laye rs constitute an.BO warer are in step S2 

«. x t. processing for activate tne p-type — 
ls perror.ed in step S3, and ph otolithc^,. — , and 
6va poratro„ are repeated for Ration o £ a p-side eiectrode 

o/i t-n Thus, formation 

and an n-side electrode in steps S4 to 86. 

of the LED wafer is completed. 

• «-«.„ S7 a resist is applied to the 
Thereafter, in step S7, a re 

,.d surface of the sapphire substrate, and a resist 
exposed surrace w 

-■n« aravscale information is produced by 
pattern representing grayscale 

or the like. Then, in step SB, 
using a laser exposure system or the 

ed surface of the sapphire substrate is formed to 
the exposed surtace u±. 

o o -reactive ion 
^ j r „ p+rhinq such as reauuj-v^ 
have a desired shape, by dry etching 

ete h in g or reective ion- b ea, etc h in 9 . .inally, .orders 
b e„een c h ips are sorifed *y diamond sorbin, in step S , 

•.v, creaking system so as to divrde the LED 
and cleaved with a breaking sy 

i-p chips of light emitting elements m step 
wafer into separate chips or y 

. -i ■ „ ht emit ting element produced as above is 
When each light emir-rmy 

lnl . oH circuit board, a light 
mou nted on a read f rarce or a prrnted 

de.ice is coveted, rfce printed eircurt b oard 
prod nced by ror.in, an insulation layer and a pattern or 
copP er, nieXel, and,or g old in t.is order on a .eta pia 
, 5 . cla ddin 9 ^e, a cerate pl.t., or t h e U,, -re - 
' metal plate is m ade or tt e»n, conductive co PP er, alu_ 
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Ught ferroalloy, Kovar, or a copper-based alloy 
A mbiloy, a trade -e of Mitsubishi materials Corporation, , 
the cladding is constituted by a ooppar oore covered 

„ it h a metal of molybdenum, tantalum, titanic tungsten, 

i 4- ^ to m^d^ of alumina, 
or the like, and the ceramrc plate xs made 

almi „» nitride. c-B* (cubic boron nitride,, or the like. 
wh en the light emitting element is mounted on the printed 
circ uit board, the light emitting element can be bonded to 
the printed circuit board with solder cream or the Irke. 

When the above process is used, a light emitting 
eleme „t according to the first aspect of the present 

invention can be easily produced. 

In addition, all of the contents of the Japanese patent 

appl icatio„ NO. 2002-287296 are incorporated into thrs 

specification by reference. 
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